Wavelength and laser linewidth insensitivity.
The generation and detection of coherent phononic waves are proportional to the magnitude of the optical power modulation 1 . This indicates that laser linewidth of the waves in either optical waveguides does not limit the performance of the PPER system. For instance, the laser linewidth of the probe beam under our experimental conditions is about 5 MHz, however we observed much narrower spectrum features than the laser linewidth. In addition, the use of traveling-wave schemes requires that the group-velocity mismatch between two optical waves in either port should be less than the signal modulation period to reduce the temporal walk-off and to achieve effective photon-phonon coupling.
where , represents the group index in waveguide j, is the length of waveguides, is the speed of light, and ω 0 indicates the resonant frequency of a PPER system. The group index and effective refractive index of the waveguide are calculated from its geometry as in Supplementary Fig. 1 using 2-D vectorfield mode solver.
As seen in Supplementary Fig. 1c , the group index variance of the optical waveguides (950 × 220 nm 2 ) is less than 0.2 % over 1.4 µm to 1.7 µm while the effective refractive index changes by about 9%. This result indicates that the information transfer is largely insensitive over wide range of wavelength with the typical length-scale of the optical waveguides. From these results, we believe that even incoherent light sources (e.g. light emitting diode) can be used which could be a tremendous asset of the PPER system for practical applications in optical signal processing.
Supplementary Note 2
Power handling capability.
We theoretically predict the power handling capability of the silicon waveguide using its propagation loss.
In this article, we consider the propagation loss contributed by linear absorption (material absorption and scattering effects) and nonlinear absorption (two photon absorption (TPA) and TPA induced free-carrier absorption) which has been well studied in silicon 2, 3 . Then the total absorption coefficient, , can be given by where α o and β TPA represent the linear absorption and TPA coefficients, respectively. is the internal optical power in the waveguide, and is the effective mode area of silicon waveguide. σ represents the free-carrier absorption cross-section, and ∆N = τβ TPA /2ℎν is the free-carrier number density in steady state conditions. τ is the free-carrier lifetime in silicon waveguide, and ℎν = 1.28 × 10 . The effective mode area, = 1.3 × 10 −13 [m 2 ], is numerically solved using COMSOL multi-physics simulations using the physical size of silicon waveguide of 950 × 220 nm 2 . We measured the free-carrier lifetime of τ = 2 ns in our silicon waveguide with a pump-probe experiment, and the linear absorption coefficient,
, is extracted from a cut-back measurement. Using the parameters above, the total absorption coefficient of Eq. S1a in the silicon waveguide can be rewritten as,
In this article, we define the power handling capability of the silicon waveguide as the power yielding the total absorption coefficient of α = 3 [dB cm
, which was chosen to be consistent with the length-scale of propagation on silicon chips. Hence, the internal optical power of = 110 mW is the power handling of our silicon waveguide. This power in the silicon waveguides can be easily achievable with better fiber-to-waveguide coupling method.
Supplementary Note 3
Temporal coupled mode theory.
The analytical expression of the photon-phonon emitting-receiving functionalities can be achieved using temporal coupled-mode theory 4, 5 . As discussed in the main context, we consider two pump fields ( 
mode in Wg-B, = ( , ) ( ) = ( , ) − Ωt . In the limit of small signal amplitudes, , the phonon dynamics at any position ( ) along the length of the waveguides can be expressed as, using temporal coupled-mode theory 5, 4 . Here, Ω 0 is the natural frequency of the uncoupled phonon modes, represents the phononic modal coupling rate, and τ net −1 is the net decay rate of phonon mode, which is related to the external decay (τ −1 ) through either side of PnC cladding and internal (τ −1 ) decay rates as
* is the driving term, of the form η( ) = η o exp (− Ω ). From Ref.
[ 6 ], the coupling amplitude,
over the waveguide cross-section and ( , ) is the mass density of the elastic medium. Solutions of Eq.
S2a and Eq. S2b yield a set of hybridised (symmetric and anti-symmetric) phonon modes with wave
where
Hence, optical wave-mixing in Wg-A drives an elastic displacement field ( ( )) in Wg-B.
Now we consider the impact of elastic deformation induced by the phonon field on optical waves propagating in Wg-B. Since light guided in the core of the waveguide produces a force distribution within the core of the waveguide, any elastic displacements will perform work against these optical forces, changing the energy of the guided electromagnetic fields. Using the principle of virtual work, the change in guided electromagnetic energy per unit length in Wg-B produced by a small elastic deformation of amplitude can be expressed as δU ME / = 〈 , 〉 = 〈 , 〉 3 . Following Refs. [1, 7] , one can show that this change in electromagnetic energy is equivalent δU EM = ( 
